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bound molecule of flavin adenine dinucleotide (FAD) andComplementing
a reduced pyridine nucleotide (NADH or NADPH) forThymidylate Synthase reduction.
The initial characterization of TSCP was through the
confluence of parallel studies in microbial genomics,
where analyses revealed that the gene for TS was often
The structure of thymidylate synthase complementing missing and apparently replaced by TSCP (Myllykallio
protein with substrates dUMP and FAD, presented in et al., 2002), and in structural genomics, where efforts
this issue of Structure, sheds light on a fascinating devoted to uncovering all of the protein folds in the
new catalytic mechanism, suggests a strategy for the model organism T. maritima (Lesley et al., 2002) led to
design of new antimicrobial compounds, and high- the initial structure of TSCP (Kuhn et al., 2002). These
lights the promise of proteomics in medicine. studies made clear that TSCP was structurally and evo-
lutionarily unrelated to TS, but nonetheless used dUMP
and MTF as substrates. The new report by Kuhn andThymidylate synthase (TS) has a rich history in the bio-
coworkers begins to uncover the mechanism by whichchemical and biomedical worlds. Researchers have pur-
TSCP catalysis occurs, through crystallographic studiessued TS for over 40 years to gain an understanding
with substrates and cofactors (Mathews et al., 2003).of many topics, including folate metabolism, enzyme
The chemistry of one-carbon donation is difficult tomechanism, protein evolution, ligand-induced confor-
achieve nonenzymatically. In TS, this is accomplishedmational changes, and the magic of enzyme-based
through a multistep mechanism whereby the homodi-chemistry. The medical community has long turned to
meric protein wraps around both substrates, covalentlyTS inhibitors as a possible source of drugs, primarily
links to dUMP through an active site cysteine, and in-for treating cancer, and TS-targeted drugs are a staple
duces first methylene transfer and then hydride reduc-of current chemotherapeutic regimes and an active area
tion from MTF, ultimately producing dihydrofolate andof research.
thymidylate. Structures of homotetrameric TSCP nowTS catalyzes the conversion of deoxyuridine monophos-
exist for complexes with FAD and dUMP and providephate (dUMP) to thymidine monophosphate (dTMP),
insight into the reductive portion of the reaction. Thewhich entails the exchange of the 5-hydrogen on the
FAD is well bound by the protein, with contacts for eachdUMP pyrimidine ring for a methyl group contributed
FAD moiety by three of the four subunits. Binding ofby cofactor 5,10-methylenetetrahydrofolate (MTF). Most
dUMP positions the pyrimidine ring such that it stacksarticles discussing TS contain a statement in the open-
with the flavin ring of FAD in an arrangement reminiscenting paragraph along the lines of “thymidylate synthase
of the presumed reductive complex between tetrahy-provides the sole de novo means for synthesizing
drofolate and the exocyclic methylene intermediate ofdTMP.” However, the recent explosion in genomic and
dUMP in TS (Fritz et al., 2002; Hyatt et al., 1997). Earlierproteomic data has revealed that TS is not essential for
steps in the reaction remain unclear, however. Thelife: numerous bacterial and archeal species, and at least
means by which MTF is brought into the binding pocketone eukaryotic specie (slime mold), do not have a gene
is not yet known, but may require the flavin moiety tofor TS and instead make thymidine with a newly discov-
move out of the binding pocket. Likewise, reductionered protein called thymidylate synthase complement-
of FAD by NAD(P)H may also require such movement.ing protein (TSCP), or Thy1 or ThyX (Myllykallio et al.,
Furthermore, a potential active site nucleophile, SER 88,2002). Like TS, TSCP makes use of MTF as a one-carbon
has been identified, but a change in dUMP orientationdonor. However, where TS uses MTF for both carbon
transfer and reduction, TSCP makes use of a tightly would be required for nucleophilic addition to occur.
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Selected ReadingThus, considerable dynamic behavior may occur in what
looks to be a fascinating catalytic mechanism.
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within the unusual chromatin domain are not tran-A Pivotal Role of the Coiled Coil
scribed. In S. cerevisiae, three silencing information reg-of Sir4 ulator (Sir) proteins, Sir2, Sir3, and Sir4, are required at
the silent mating-type HML and HMR loci to prevent
expression of the opposite mating-type genes (Rine and
Herskowitz, 1987). The same proteins are required for
The C terminus of Sir4 forms a coiled-coil structure. silencing at telomeres, while Sir3 and Sir4 are not
The coiled-coil domain is responsible for the dimeriza- needed for silencing at the rDNA region (Gottschling et
tion of Sir4 and contains the binding site of Sir3. Struc- al., 1990; Moretti et al., 1994; Hecht et al., 1996; Moazed
tural and biochemical analyses of the Sir4 coiled-coil et al., 1997; Strahl-Bolsinger et al., 1997; Bryk et al.,
domain provide important insights into the molecular 1997; Smith and Boeke, 1997). Sir2, Sir3, and Sir4 form
mechanisms of Sir3-Sir4 interaction and the assembly a multiprotein complex, and they are recruited to the
of a ternary Sir2/Sir3/Sir4 complex that are essential silent chromatin domain through direct and/or Sir1-
for epigenetic control of gene expression in S. cere- mediated interaction with silencer-bound DNA binding
visiae. proteins such as Rap1 and the origin recognition com-
plex. Sir2 is a NAD-dependent histone deacetylase that
deacetylates lysine 16 of histone H4. The Sir proteins,Transcriptional silencing is an epigenetic mechanism of
controlling gene expression in eukaryotes. Genes lo- with the exception of Sir2, are unique to the budding
yeast. Nevertheless, the Sir2/Sir3/Sir4 complex appearscated in certain chromosomal regions are stably re-
pressed. This heritable, transcriptionally silent state is to be an apparent functional homolog of heterochroma-
tin protein HP1 in higher eukaryotes; the Sir protein com-caused by an altered chromatin structure that can be
propagated from one generation to the next. Examples plex spreads along the hypoacetylated silent chromatin
domain, while HP1 spreads within the heterochromaticof silencing include mating-type loci in fission and bud-
ding yeasts, position effect variegation in Drosophila, region containing methylated lysine 9 of histone H3.
Both genetic and biochemical studies showed thatand X chromosome inactivation in mammals.
Studies of transcriptional silencing in Saccharomyces Sir2 and Sir4 form a stable complex at the silent mating-
type and telomeric loci, while the association of Sir3 withcerevisiae have considerably advanced our understand-
ing of fundamental principles of epigenetic control of the Sir2/Sir4 complex appears to be regulated (Hecht et
al., 1996; Strahl-Bolsinger et al., 1997; Renauld et al.,gene expression (Rusche et al., 2003). Silencing nucle-
ates near a specific DNA sequence, called the silencer, 1993; Ghidelli et al., 2001; Hoppe et al., 2002). Sir3 inter-
acts with a C-terminal region of Sir4, within which aand spreads into surrounding sequences. The silenced
genomic region forms a stable higher-order structure predicted coiled-coil motif is located at the very C termi-
nus. In this issue of Structure, Chang, Moazed, Ellen-characteristic of heterochromatin, and genes located
